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(54) Biodegradable copolyester and method for preparing the same 

(57) There is disclosed a biodegradable copolyester represented by the formula : 
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B is an alkylene residue of a polyol 
n is an integer not more than 10 ; 
R is -CH 3 or -CjH 5 ; 
Xis 
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-CH^-CH— ; -CH^-CH- ;oi-(CHJ— ■ 
CH 3 CjHj 



a is an integer comprised between 1 and 200 ; 

b and c are integers comprised between 0 and 10.000 ; one of b and c being other than 0 ; 
and, according to a preferred embodiment, a copolyester represented by the formula 




o o o 

II II II 

C— O— (CH^. Ofc (C— CM^CM-OfciC- 



as well as a preparation method of said copolyester. 

Said copolyester is superior in biodegradability and can be produced at low cost. 
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Description 

The present invention relates, in general, to a biodegradable copolyester and, more particularly, to a copolyester 
obtained by c^g! yj^e r ' z ationj f a n aromatic p olyes ter havinq jadyant ageously a numb er average molecular weight of 
not less than 5,000 with an aliphatic polyester biosvnth esized by microorganism fermentation. Also, the present inven- 
tion is concerned with an economical method for preparing the biodegradable copolyester. 

Polyester, especially, polyethyleneterephthalate has good mechanical properties, chemical resistance, and durabil- 
ity and is useful for various fields of everyday life including substitutes for natural fibers, bottles, plastics and the like. 
Unlike the natural materials, the polymer, however, has a fatal weakness that it cannot be reduced into nature after use. 
In other words, synthetic plastics are little or by no means degraded of themselves. Disposable packaging materials, 
which have sharply been increased in demand, are little reclaimed relative to their tremendous consumption and thus, 
most of them are wasted. In addition, agricultural film is very difficult to completely regain. 



As the environmental pollution caused by the plastics is issued as a serious social problem, many research and 
development efforts have been directed to biodegradable resins with invoking worldwide interest. In an effort of the pro- 
is tection of environment, degradable resins, which are degraded of themselves after discard, have recently been devel- 
oped. 

Degradable resins are generally grouped into biodegradable resins, which are degraded by microorganisms 
present in soil, and photodegradable resins, which are degraded by ultraviolet ray of day light. When the photodegrada- 
ble resins are buried in soil, they are hard to degrade because they are little or by no means exposed to the sun. Accord- 
20 ingly, the biodegradable resins are more preferred. 

Exemplary biodegradable resins include poly(hydroxyalkanoate) resins, which are synthesized by microorganisms 
in vivo, and polyca prolactone resins which are a kind oLs ynthetic polymer. 

Such polyfrv^roxyalkanoate) resins and polycaprolactone resins are good in biodegradability, but uneconomical 
due to their high production cost. In addition, the applied physical properties thereof are poor and thus, are low in an 
25 aspect of practical value. 

Therefore, it is an object of the present invention to overcome the above problems encountered in prior arts and to 
provide a biodegradable copolyester. 

It is another object of the present invention to provide a method for preparing a biodegradable copolyester with low 
production cost. 

30 Based on the intensive and through study by the present inventors, the above object could advantageously be 
accomplished by a provision of a copolyester which is prepared by reacting an aromatic polyester having a number 
average molecular weight of at least 5,000 with an aliphatic polyester biosynthesized by microorganism fermentation in 
a solvent in the presence of an appropriate catalyst 

The above object and other advantages of the present invention will become more apparent by describing in detail 

35 the preferred embodiment of the present invention with reference to the attached drawings in which : 

- Fig. 1 shows infrared spectra for polyethyleneterephthalate (PET), poiy(3-hydroxybutyrate) (PHB), and a copolyes- 
ter (PET/PHB copolyester) prepared in Example 1 of the present invention ; 

Fig. 2 is a ""H nuclear magnetic resonance spectrum for the copolyester prepared in Example 1 of the present 
40 invention ; and 

Fig. 3 is a 13 C nuclear magnetic resonance spectrum for the copolyester prepared in Example 1 of the present 
invention. 

In accordance with the present invention, there is provided a biodegradable copolyester, represented by the follow- 
45 ing formula I : 

oo o o 

rll il II II -T, 

HO-j-^C A C O (B)-0)^-(C — CH^CH-O^-^C — X— Og-H (I) 

R 



£5 

in which 
A is 



BNSOOCtD: <EP 0723964A1 . 1. > 



3 



EP 0 723 984 A1 





or 




10 



B is an alkylene residue of a polyol ; 
n is an integer not more than 10 ; 
R is -CH 3 or -C2H5 ; 
Xis 



75 



-CH^CH— ; -CK^-CH— ; or— (0^3- 



CH, 



20 



a is an integer comprised between 1 and 200 ; 

b and c are integers comprised between 0 and 10.000 ; one of b and c being other than 0. 
25 in said formula (I). B is advantageously the residue of one of the following diols : 
HO — (CH 2 ) n — OH ; 



■ 3& — 



OH-CH^CH-OH ; HO— CH^ 
CFL 




CH^OH 
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According to a preferred embodiment of the invention, the biodegradable copolyester is represented by the follow- 
ing formula (II) : 



40 



45 
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HO-KC 




O 



O OO 

II II 
C— O (CH^ Of, (C— CHj-CH-O^C 

R 



— x— o^Jh 



01) 



in which 

50 n is an integer not more than 1 0 ; 
R is -CH 3 or -C^Hc; ; 
X is 



55 



— OL— CH— > OirCH— ,or 

I I 
CH3 CjHj 



■(0^3— 
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and 



a is an integer comprised between 1 and 200 ; 

b and c are integers comprised between 0 and 10.000 ; one of b and c being other than 0. 

As displayed in the formula I, the biodegradable jopojj^egte r of the pres ent inve ntion has s uch a combination struc- 
ture that one segment having at least one of repeating unitofformula : " 



10 



O O 

II II 
C — A — C — O — (B)-O 



15 



(advantageously one of repeating unit of alkyleneterephthalate (formula II)) is bonded with the other-segment having at 
least one of repeating unit of hydroxyalkanoate derivative... 
The 'aromatic!polyester-(whic^.generat^jTe 
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II II 

C — A — C— O — (B)-O- 
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£5 



group) used in the present invention may be prepared from aromatic compounds having at least 2 carboxylic acid 
groups or lower alkylesters thereof, and polyols. in a usual manner. For example, the aromatic compounds or lower 
alkylesters thereof and the polyols are esterified or ester-interchanged and then, subject to polycondensation under 
vaccum. 

f Preferred-aromatic, compounds include dicarboxylic acids such as terephthalic acid, isophthalic acid and 1,4- 
cyclohexanedicarboxylic acid -^and acid ester compounds such as dimethylterephthalateV dibutylterephthalate. dimeth- 
yhsophthalate and dibutylisophthalate. As copolymeric component a trifunctional acid compound such as 1,3,5-ben- 
zenetricarboxylic acid. 1.2.4-benzenetricarboxylic acid and anhydrous trimellitic acid may be used at a small amount 
along with the bifunctional acid compounds or lower alkylesters. 

As polyols usable in the present invention, there are exemplified ethyl eneglycol, 1.2-propanediol, 1,3-propanediol, 
1.4-butanediol, 1,5-pentanediol, 1,6-hexanediol, and 1,4-cyclohexanedimethanol. In addition, there may be used those 
that are polymerized with trimethylol ethane, trimethylol propane, glycerine, pentaerythritol or tris(2-hydroxyethyl) iso- 
cyanurate, along with bifunctional glycol components, in a small degree. 

It is preferred that the aromatic polyester synthesized by combination of the components has a number average 
molecular weight of at least 5.000 for better mechanical properties of the biodegradable copolyester. More preferably, 
the aromatic polyester has a number average molecular weight of 10.000 or more. For example, if the number average 
molecular weight is below 5,000, the resulting biodegradable copolyester is problematic in such mechanical properties 
as tensile strength and elongation. 

Suitable aromatic polyesters are polyethyleneterephthalates and polybutyleneterephthalates, which advanta- 
geously have a number average molecular weight of not less than 5.000 (more preferably of not less than 10,000). 

To express biodegradability, there is used as the other segment for the biodegradable copolyester an aliphatic pol- 
yester which is synthesized by microorganism fermentation. Poly(3-hydroxybutyrate). copoly(3-hydroxybutyrate/3- 
hydroxyvalerate), poly(4-hydroxybutyrate) and copoly (3-hydroxybutyrate / 4-hydroxybutyrate) are exemplified as the 
aliphatic polyester. 

The present invention also pertains to a method for the preparation of biodegradable copolyester. For the prepara- 
tion, ajomatic polyester is charged ig a reactor containing a solvent along with aliphatic polyester biosynthesized by 
microorganism fermentation and then, the reactarrts are stirred at 100°C or more urrter nitrl^e^^ 
presence of a catalyst, to give copolyester of formula I. 

Preferred solvent used in the present invention includes nitrobenzene and dimethylsulfoxide. 
As a catalyst for the synthesis of the biodegradable polyester, it is preferred to use dibutyltin oxide, tin (IV) chloride. 
tin(l V) octoate. hexabutyl distarmoxane. tributyttin methoxide. or tributyftin chloride due to their superior catalytic activity' 
The preferred embodiments of the present invention will now be further described with reference to specific exam- 
ples. 

In the following examples, biodegradability was tested according to ASTM G21-70 and a composting method. In 
ASTM G21-7Q, a sample film was put on a solid agar medium on which a spore mixture solution of Aspergillus nig er 
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Pallium funir.ulosum. Trichoderma so. and P. . Miliaria oullulans was then dispersed in a predetermined amount. After 
tvw> to four weeks, the propagation of the fungi was measured and graded. That is, fungi* occupying 1 0 % or less of the 
area of the sample was graded as 1 , 10 to 30 % as 2. 30 to 60 % as 3, and 60 % or more as 4. 

For the test according to composting method, a medium was composed as listed in the following Table 1 which 
shows a waste composition similar to a practical situation of Korea. The inner conditions of the medium were settled as 
shown in the following Table 2, and then, a sample was inserted therein. After 10 weeks, the biodegradabilrty was 
graded by measuring weight reduction of the sample. 



TABLE 1 



MATERIAL 


Content (wt%) 


Foodstuffs (rice cake, cabbage, pork, fish paste) 


39.8 


Papers (computer paper, daily paper) 


20.7 


Sawdust 


5.3 


Glasses 


7.3 


Plastics 


7.7 


Rubber 


4.5 


Leaf 


14.7 



TABLE 2 



Condition 


Content 


pH 


7.0 


Water Content of Medium 


60.0% 


Carbon of Medium/Initial Nitrogen value 


23.0 


Aeration Speed 


100 ml/min. 


Inner Temp, maintained 


55.0°C 



40 Example 1 

In a reactor equipped with a stirrer, a condenser, a gas inductor and a thermometer. 5 parts by weight of polyethyl- \ 
eneterephthalate with a number average molecular weight of 1 5.000. 5 parts by weight of poly(3-hydroxybirtyrate) with I 
a number average molecular weight o f 37.000. 89,9 &artsj3y_wei 9 W of nitrobenzene and 0.1 part by we.ght of dibutyrtm \ 
as oxide were added and then, heated at 1 70°C for 24 hours under nitrogen atmosphere, to obtain a crude product. There- \ 
after the crude product was precipitated in an excess of methanol and the precipitate was filtered. The preciprtate was 
dissolved in a mixture solvent of orthochlorophenol/chloroform. An excess of methanol was added to precipitate purified^-' 
copoly ester 

The obtained copolyester was tested for physical properties, ahd the results are given as listed in the following 



so Table 3 



55 



e o. 

Production of the copolyester was confirmed through infrared spectrum and nuclear magnetic resonance spectrum 
analyses. The following is of these spectrum analyses. 

Referring to Fig 1 there are shown infrared spectra for the copolymer of polyethyleneterephthalate and poly(3- 
hydroxybutyrate). polyethyleneterephthalate. and poly(3-hydroxybutyrate). As shown in this figure, the infrared spec- 
trum for the copolymer prepared exhibits characteristic peaks of polyethyleneterephthalate. 727cm . 1017 cm and 
1341 cnY 1 and characterized peaks of poly(3-hydrravbutyrate). 1058 cm 1 and 1174 cm 1 . As apparent from the pres- 
ence of all characteristic peaks, the copolyester prepared in Example 1 has a coexistent structure of polyethylene- 
terephthalate and poly(3-hydroxybutyrate). 
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Referring to Fig. 2, there is shown a nuclear magnetic resonance spectrum for the prepared copolyester. In this 
spectrum, there are a peak 4.93 ppm corresponding to the hydrogens of -OCH 2 of polyethylene-terephthalate and a 
peak 5.51 ppm corresponding to the hydrogen of -OCH of poly(3-hydraxybutyrate). In addition to the characteristic 
peaks of the components, the spectrum exhibits new peaks, 4.70 ppm, 4.78 ppm, 5.75 ppm, which are correspondent 

5 to the hydrogens of the bonding portions between polyethyleneterephthalate and poly(3-hydroxybutyrate). 

Turning now to Fig. 3, there is shown a 13 C nuclear magnetic resonance spectrum for the prepared copolyester. As 
shown in this figure, the spectrum has a peak 66.3 ppm corresponding to the carbon of -OCH 2 of polyethylenetereph- 
thalate, a peak 72.1 ppm corresponding to the carbon of -OCH of poly(3-hydroxybutyrate), a peak 170.9 ppm corre- 
sponding to the carbonyl groups of polyethyleneterephthalate, and a peak 175.7 ppm corresponding to the carbonyl 

io groups of poly(3-hydroxybutyrate). In addition, there are exhibited new peaks which testify the bond of polyethylene- 
terephthalate and poly(3-hydroxybutyrate). That is. in this spectrum, peaks 65.8 ppm and 72.6 ppm correspondent to 
the carbons of the bond, whereas peaks 1 70.2 ppm and 1 76.5 ppm correspondent to the carbonyl groups of the bond 
therebetween. 

15 Example 2 

A copolyester was prepared in a similar manner to that of Example 1 , except that 3 parts by weight of polyethylene- 
terephthalate and 7 parts by weight of poly(3-hydroxybutyrate) were used. 

The physical properties of the copolyester are given as listed in the following Table 3. 

20 

Example 3 

A copolyester was prepared in a similar manner to that of Example 1 , except that 7 parts by weight of polyethylene- 
terephthalate and 3 parts by weight of poly(3-hydroxybutyrate) were used. 
25 The physical properties of the copolyester are given as listed in the following Table 3. 

Example 4 

A copolyester was prepared in a similar manner to that of Example 1, except that 5 parts by weight of copoly(3- 
30 hydroxybutyrate / 3-hydroxyvalerate) with a number average molecular weight of 280,000 in which a unit structure of 3- 
hydroxyvalerate amounts to 12 mole % of the total unit structures was used in lieu of poly(3-hydroxybutyrate). 
The physical properties of the copolyester are given as listed in the following Table 3. 

Example 5 

35 

In a reactor equipped with a stirrer, a condenser, a gas inductor and a thermometer, 5 parts by weight of polybuty- 
leneterephthalate with a number average molecular weight of 420,000, 5 parts by weight of poly(3-hydroxybutyrate) 
with a number average molecular weight of 350.000. 89.9 parts by weight of nitrobenzene and 0. 1 part by weight-of trib- 
utyltin methoxide were added and then, heated at 160°C for 24 hours under nitrogen atmosphere. Subsequent steps 
40 were carried out in the same manner as that of Example 1 . 

The physical properties of the copolyester are given as listed in the following Table 3. 

Example 6 

45 A copolyester was prepared in a similar manner to that of Example 5, except that 5 parts by weight of copoly(3- 
hydroxybutyrate / 3-hydroxyvalerate) with a number average molecular weight of 280,000 in which a unit structure of 3- 
hydroxyvalerate amounts to 12 mole % of the total unit structures was used in lieu of poly(3-hydroxybutyrate). 
The physical properties of the copolyester are given as listed in the following Table 3. 

so Example 7 

A copolyester was prepared in a similar manner to that of Example 5. except that 5 parts by weight of copoly(3- 
hydroxybutyrate / 4-hydroxybutyrate) with a number average molecular weight of 1 90.000 in which a unit structure of 4- 
hydroxybutyrate amounts to 10 mole % of the total unit structures was used in lieu of poly(3-hydroxybutyrate). 
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The physical properties of the copoiyester are given as listed in the following Table 3. 



TABLE 3 



70 











Bio 


degradability 


Ex. No. 


Melting Point (°C) 


No. Avg. Mw 


Polydispersibility 


Grade 


Weight Loss (%) 


1 


205 


22,000 


1.63 


3 


64.5 


2 


185 


20,500 


1.71 


4 


75.8 


3 


211 


18.900 


1.68 


3 


55.1 


4 


184 


16,700 


1.67 


4 


70.3 


5 


179 


28.200 


1.73 


4 


69.2 


6 


174 


25,800 


1.65 


4 


73.7 


7 


193 


24,700 


1.95 


3 


60.6 



20 



25 



Other features, advantages and embodiments of the invention disclosed herein will be read.ly apparent to those 
exercising ordinary skill after reading the foregoing disclosures. In this regard, while specific er^.ments of the .nven- 
SrSve been described in considerable detail, variations and modifications of these embodiments can be effected 
without departing from the spirit and scope of the invention as described and claimed. 

Claims 

1 . A copoiyester having a combination structure represented by the following general formula (I) : 



30 



35 



o o 
rll II 

HO+-(C — A — C — O 



o o 

II II 1 

■(BtO^— CHfCH-C^C— X— <%J-H (I) 
R 



40 



45 



in which 
A is 





or 




B is an alkyiene residue of a polyol 
so n is an integer not more than 10 ; 
R is -CH3 or -C2H 5 : 
Xis 



55 



-CRfCH— ; -CKj-CH— ; or— (CH^ — 



CH, 
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a is an integer comprised between 1 and 200 ; 

b and c are integers comprised between 0 and 10,000, one of b and c being other than 0. 

2. A copolyester according to claim 1 of formula (I) in which B is the residue of one of the following diols 
5 HO— (CH2) n — OH ; 



10 



OH-CHj-CH-OH ;HO— CHj 
CHj 




CHj-OH 



J5 



3. A copolyester according to claim 1 or 2, having a combination structure including one or more repeating unit of 
alkyleneterephthalate and one or more repeating unit of hydroxyalkanoate derivative, represented by the general 
formula II : 



20 



25 



O 

Hoj^C- 




o 



O 
II 



C— O— (CH^.O); iC—Ctt^CH-O^iC- 



-x— o^Jh 



<n) 



in which a. b. c, n. R and X are defined in claim 1 . 

30 4. A method for preparing a copolyester as claimed in anyone of claims 1 to 3, which comprises reacting an aromatic 
polyester having repeating unit of formula 



35 



r- O O 

II II 
-C — A — C — O- 



(B)-O- 



40 



45 



in which A, B and n are as defined in claim 1 with an aliphatic biosynthesized by microorganism fermentation pol- 
yester having repeating unit of hydroxyalkanoate derivative in a solvent at 100°C or more in the presence of a cat- 
alyst and under nitrogen atmosphere. 

5. A method according to claim 4, which comprises reacting an aromatic polyester having repeating unit of alkylene- 
terephthalate with said aliphatic polyester. 

6. A method according to claim 4 or 5, wherein said aromatic polyester is a polyethyleneterephthalate or a polybuty- 
leneterephthalate. 

7. A method according to anyone of claims 4 to 6, wherein said aromatic polyester has a number average molecular 
weight of not less than 5,000. 

8. A method according to anyone of claims 4 to 7. wherein said aromatic polyester has a number average molecular 
weight of not less than 10.000. 

£5 9. A method according to anyone of daims 4 to 8, wherein said aliphatic polyester is poly(3-hydroxybutyrate). 

10. A method according to anyone of claims 4 to 8, wherein said aliphatic polyester is copoly(3-hydroxybutyrate/3- 
hydroxyvalerate) or copoly(3-hydroxybutyrate/4-hydroxybutyrate). 



so 
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FIG. 1 
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FIG. 2 
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FIG. 3 
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